Health risk assessment related to water quality and microcystin contamination of water in the Kuibyshev Reservoir was conducted in August 2012 during the period of algal bloom. The health risk during recreational activity was estimated for potential exposure to extracellular microcystins. Microcystin content in water measured by the indirect competitive ELISA method was in the range from 0.21 to
by humans orally and through inhalation or through skin contact during recreational activity. Various exposure scenarios include swimming, fishing, boating, water-skiing, and canoeing. For microcystins, swimming is a key factor (Butler et al. ) .
For toxic effects other than carcinogenesis, there is generally considered to be a 'threshold dose' that can be tolerated without toxic effects to the organism. Thresholds exist because the body has mechanisms to prevent harm from many outside chemicals and because of biological redundancy. The concept of a tolerated dose is the basis of most health-based regulatory concentration limits for noncarcinogenic effects (Butler et 
MATERIALS AND METHODS
The study area and sampling sites has a sufficiently high level of pollution by heavy metals, petroleum hydrocarbons, nitrogen, phosphorus compounds, etc.
The study region was located within the Republic of Tatarstan and included 19 stations of the shallow (depth 3 m) and deep water zones (Table 1) Measurements of the trophic-related physicochemical parameters, including depth, Secchi depth, pH, temperature, and dissolved oxygen were carried out in the field. Depth was determined using a boat echo sounder GPSMAP-178C, 
Health risk assessment
Human health risk was assessed according to Guideline ...- (). To assess potential human exposure to cyanotoxins and other substances, ingestion during swimming as the main recreational exposure scenario was considered. Swimmers may unconsciously ingest water while swimming. Cyanotoxins in the swallowed water can be absorbed into the blood from the stomach and intestines.
The absorbed dose (ADDi, μg kg À1 day
À1
) is calculated using the following equation:
where Cw is cyanotoxin concentration in water, IR is ingestion rate (0.05 L h However, it is considered that microcystins are dangerous primarily due to the development of non-neoplastic liver lesions (Butler et al. ) . The index of the risk (HQi) of non-cancerous diseases from exposure to the pollutant is calculated using the following equation:
where RfD is a reference dose (μg kg À1 day À1 ), which for microcystins is 0.0064 (Butler et al. ) . For non-carcinogenic effects the scale of ecological risk includes five levels of risk: HQi <0.1 -minimal; 0.1 < HQi 1 -low; 1 < HQi 5 -moderate; 5 < HQi 10 -high; HQi >10 -dangerous (Guideline ...- ).
As the next step, we compared the level of health risk 
Statistical analysis
Statistical analysis was performed by using Statistica 8.0 (StatSoft, Tulsa, USA) and the data were expressed as mean or mean ± standard error. Differences among samples were evaluated using the non-parametric Mann-Whitney U-test
and Kruskal-Wallis analysis of variance (non-parametric ANOVA). Correlations between parameters were evaluated using Spearman's rank order correlation coefficient. Differences were considered statistically significant at P 0.05.
A hierarchical cluster analysis was carried out using the single-linkage clustering method applying Euclidean distance as the distance or similarity measure to determine the zones of cyanotoxin contamination.
RESULTS AND DISCUSSION
The average microcystin concentrations and ranges of the physicochemical parameters of the water are presented in Table 2 .
The average water temperature (24.5 ± 0.3 W C) was conducive for mass development of blue-green algae. Dissolved oxygen concentration and pH ranged from 7.1 to 14.6 mg L À1 and from 8.4 to 9.9, respectively. Generally, these parameters increase with active photosynthesis. The Secchi depth (1.1 ± 0.1 m) indicated the process of eutrophication (Carlson ) . The physicochemical parameters and microcystin concentrations were analyzed for potential statistical relationships (Table 3) 2.15 ± 0.36 n/a n/a n/a n/a 19 2.01 ± 0.06 1.5 23.1 8.5 8.14 n/a ¼ not analyzed.
description of the hazard, it is necessary to directly measure toxins in water.
To assess the potential influence of cyanotoxins on human health, we calculated the values of health risk ( Marked correlations are significant at P < 0.05. 
